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Design for Milling Machining - General

Virtually all machining involves the use of a fluted single-point-contact cutting tool to remove material. Material that is 
before the cutting tool path compresses, separates and moves away from the the cutting tool as the tool moves into the 
surface (See Figure 7.0). Heat energy is created during the material/chip removal process. This heat energy is often 
removed by applying a coolant fluid to the work-piece. In addition to removing heat, the fluid acts to lubricate the tool and 
reduce friction.

Grinding, honing and lapping operations are very similar in tool action to single-point-contact machining tools. The 
difference is that the cutter is an abrasive type machining tool. The abrasive actually performing the cutting is very small 
when compared to fluted single-point-contact cutting tools .

In general, the difference between milling and lathe or turning manufacturing is that in milling the tool is rotating, and in 
turning the part is rotating and the cutting tool held rigid.

Design Guidelines:

Avoid features which require machining operations. If the part can be designed such that machining operation can be 
excluded or replaced by operations such as forming, casting, or extrusion, which for each the manufacturing cost is almost 
always less for medium to high production level manufacturing.

Surface finish roughness should be the roughest possible and meet functional requirements. This will allow machine 
processes to cut material faster and not require additional expensive operations like reaming, grinding, lapping  or 
polishing.

Figure 7.0
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Design for Machining - General

Consult manufacturing about work-holding requirements. If possible, include work-holding features.
Avoid features which will require cutting tools with sharp corners or points. Cutting tools with sharp edges are prone to 

breakage and accelerated wear.
Avoid requiring post machining operations on cast, molded, formed parts when the as-produced features are adequate.
Work-holding features should be rigid enough to endure clamping forces required to secure the part during machining.
Features which are at normal or perpendicular angles to one-another are preferred.
Avoid deep pockets, holes, or other features that require long rigid tooling.
Avoid internal shouldered or undercut features, as these features require special tools and processes.
Avoid thin flexible wall sections, deflection due to tool forces will result in arbitrary surface location and form 

tolerances.
Check for adequate room or clearance for tooling, fixtures, and machine elements.
Try to always design features such that standard size cutting tools and inserts with the largest possible radii may be used.
Design features with radii or chamfers at external surface intersections to minimize the burr removal process. (Some 

organizations prefer radii and others chamfers, consult manufacturing to determine which are preferred).
Design parts and features around the simplest, least expensive, most readily available fabrication techniques.
Minimize parts or features requiring EDM, gun drilling, special coatings when there are commodity processes available.
Avoid excessively large or long features.
Always review tolerances vs. your actual functional/fit requirements. Do not just use the default tolerances. – Think 

tolerances through!
In general, it is easier to fabricate an external feature than an internal feature. When determining tolerances to be 

distributed between internal and external mating features, define the external feature with the tighter tolerances and allow 
the internal feature to have a looser tolerance.

Use existing parts when ever possible (fasteners, backup rings, elements, slips, couplings, springs, fittings, etc.). Consider 
using standard parts from the following sources: 1) commercial, 2) organizational standard, 3) New.
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Milling Manufacturing 

Milling machines/processes is used in a variety of industrial applications and wherever complex shaping, removing large 
amounts of material, and accuracy is required.  In general, milling machines are used to produce planar surfaces, cutouts, 
slot, and hole features. Contoured surfaces, which include rack and circular gears, spheres, helical, ratchets, sprockets, 
cams, and other shapes can be readily cut with CNC mill machines.

The cost of milling machining can be modest if general tooling, and equipment is employed. Milling machines can 
accommodate an array of standard support blocks, work clamps, and other work piece holding fixtures. Therefore, milling 
operations can be facilitated with minimal fixture and equipment investment. Milling is a major part of any tool and die 
work, prototyping, and other low volume manufacturing. 

Mass production, special purpose milling machines are available, and these type machines are typically used to combine 
milling operations with boring, drilling, tapping, and other operations.  CNC milling machines may include index tables, 
transfer equipment with one or more machines.

There are many types of milling machines employed in industry. The major categories of milling machines are: 
Column and Knee Machines
Bed Type Milling Machines
Special Purpose Machines.
CNC Controlled

vertical-spindle column and                            horizontal spindle column
Both of the above are knee type milling machine.

Figure 7.2
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